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Data Sheet 


PAW3335DB-TZDU: Low Power Optical Gaming Navigation Chip 


General Description 


PAW3335DB-TZDU is PixArt Imaging's new low power 
gaming navigation chip suitable for wired and wireless 
gaming application. It has the latest state-of-the-art low- 
power architecture and automatic power management 
modes, making it ideal for battery-operated, power- 
sensitive cordless gaming devices. It provides excellent 
gaming experience with the features of high speed and 
high resolution even in low power mode to fulfill gamers’ 
need. It is packaged in an 8pin staggered dual-in-line 
package (DIP) and designed to be used with LOAC-LSG1 
lens to achieve optimum performance. 


Key Features 


= Low power consumption of typical 1.7mA @ run mode 
Programmable rest modes 
Small form factor PDIP 8L molded lead-frame package 
Operating Voltage: 1.80V - 2.10V 
High speed motion detection 400ips and acceleration 
40g 
Selectable resolutions up to 16000cpi 
Three-wire serial port interface (SDIO) 
Internal oscillator — no clock input needed 
Customizable response time and downshift time for rest 
modes 
Angle snapping 
Lift detection options 

= 1mm setting 

= 2mm setting 


Applications 


= Wired and wireless Gaming Optical Mouse 
= Trackball application 
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Key Parameters 


Power Supply Voltage (V) | VDD: 1.80 — 2.10V 

Interface 3-wire Serial Peripheral 
Interface 

Supply Current @ VDD = | Run: 1.7 mA 

1.9V Power Down: 3uA 

Note: includes LED 

current 

Resolution (cpi) Up to 16000 

Tracking Speed (ips) 400 

Acceleration (g) A0 

Package Type (mm) 8L PDIP, 9.9 x 12.85 x 6.1 


Ordering Information 


Part Number Package Type 


PAW3335DB-TZDU 8L PDIP 
LOAC-LSG1 Small Trim Lens 


d" O 


For any additional inquiries, please contact us at 
http://www.pixart.com/contact.asp 
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1.0 Introduction 


1.1 Overview 


PAW3335DB-TZDU is based on Optical Navigation Technology, which measures changes in position by optically acquiring 
sequential surface images (frames) and mathematically determining the direction and magnitude of movement. 
PAW3335DB-TZDU contains an Image Acquisition System (IAS), a Digital Signal Processor (DSP), and a three-wire serial port. 
The IAS acquires microscopic surface images via the lens and illumination system. These images are processed by the DSP 
to determine the direction and distance of motion. The DSP calculates the AX and AY relative displacement values. An 
external microcontroller reads and translates the AX and AY information from the chip serial port into PS2, USB, or RF signals 
before sending them to the host PC. 


Note: Throughout this document PAW3335DB-TZDU is referred to as the chip. 


PAW3335DB 
ao 
VDD S S 
5 S NCS 
VDDRE S 2 
SP S PICTURE = SCLK 
; ELEMENT ARRAY 3 
<q 
SDIO 
: 
— 
< 
S MOTION 
Mi 
OSCILLATOR 
LED 


Figure 1. Functional Block Diagram 


1.2 Terminology 


Term Description 


DSP Digital Signal Processing 
LED Light Emitting Diode 
NCS Chip Select 

VDDREG LDO output for digital core 
VDD Supply voltage 
SCLK Serial Clock 
SDIO Serial Data In & Out 
SPI Serial Peripheral Interface 
GND Ground 

MOTION Motion Detect 
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Pins Description 


Figure 2. Pin Configuration 


Table 1. PAW3335DB-TZDU Pins Description 


Pin No. Name Type Description 
LED Input LED Illumination Control input 
2 VDDREG Power LDO output (only for sensor internal usage). 
3 VDD Power Power supply 
4 SCLK Input Serial clock input 
5 MOTION Output Motion Detect 
6 GND Gnd Ground 
7 SDIO Input/Output | Serial data in/out 
8 NCS Input Chip select (active low) 
Version 1.11 | 10 Dec 2018 | 11032EN SEE. PEEL EE, 
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2.0 Operating Specifications 


2.1 Absolute Maximum Ratings 
Table 2. Absolute Maximum Ratings 


Parameters Symbol Min. Max, Unit Notes 

Storage Temperature Ts -40 85 °C 

Lead Solder Temperature TsoLpeR 260 °C ial aa we Sat be ge 
seating plane 

Supply Voltage Von -0.5 2.1 V {Including Vnaof 100 mV pp 

ESD ESDusm 2 kV |All pins, Human Body Model 

Input Voltage Vin -0.5 VDD V |AIII/O pins 

Notes: 


1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are the 
stress ratings only and functional operation of the device at these or any other condition beyond those indicated for extended 
period of time may affect device reliability. 

The maximum ratings do not reflect eye-safe operation. 

The inherent design of this component causes it to be sensitive to electrostatic discharge. The ESD threshold is listed above. To 
prevent ESD induced damage, take adequate ESD precautions when handling this product 


el) 


2.2 Recommended Operating Conditions 
Table 3. Recommended Operating Conditions 


Description 
Operating Temperature Ta 0 40 °C 
Power Supply Voltage Von 1.8 1.9 2.1 V {Including Via of 100 MVpp 
Power Supply Rise Time Ier 0.15 20 ms |O to Min. VDD 
Supply Noise Vna 100 MVp-p |10kHz — 75MHz 
Serial Port Clock Frequency (GH 8 MHz Active drive, 50% duty cycle 
Distance from Lens 
Reference Plane to Tracking Z 2.20 2.40 2.60 mm 
Surface 
Speed S 400 ips |PixArt standard gaming surfaces 
Acceleration A 40 g m REES f 
PixArt standard gaming surfaces 
Load Capacitance Cu 20 pF |SDIO, MOTION 
Lift Cutoff 1mm setting Liftamm 1 mm _ |LOAC-LSG1 
Lift Cutoff 2mm setting Liftamm 2 mm |LOAC-LSG1 


Note: PixArt does not guarantee the chip performance if the operating temperature is beyond the specified limit. 
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2.3 Thermal Specifications 
Table 4. Thermal Specifications 


Parameters Symbol ` | Typ. Max. | Unit Notes | 


Storage Temperature Ts -25 S 80 °C 


For 10 seconds, 1.6mm below 


Lead-free Solder Temperature Tp - - 260 Kë . ` 
seating plane for wave soldering 


2.4 DC Characteristics 
Table 5. DC Electrical Specifications 


Parameters in. : : it Condition 
Jop sun 1.7 mA |Average Run current 
DC Supply Current in various 
modes 
Ipp_REST1 610 UA 
ÎDD_REST2 25 uA 
Note: Includes liep en kes 5 uA 


No load on SDIO & MOTION 


Power Down Current lpp 3 uA 
0.3* 
Input Low Voltage Vu V SCLK, SDIO, NCS 
VDD 
Input High Voltage Vin 0.7* VDD V SCLK, SDIO, NCS 
Input Hysteresis Vi us 100 mV |SCLK, SDIO, NCS, 
Input Leakage Current lLeak +1 +10 uA EV aera enone 
NCS 
Output Low Voltage VoL 0.45 V lour = 1mA, SDIO, MOTION 
Output High Voltage VoH VDD-0.45 V lout = -1mA, SDIO, MOTION 
Input Capacitance Cin 10 pF SCLK, SDIO, NCS 


Note: All the parameters are tested under recommended operating conditions. Typical values at 25 °C, Voo = 1.9 V & LED current = 24mA 
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2.5 AC Characteristics 
Table 6. AC Electrical Specifications 


Parameters in. S S Unit Conditions 


From reset to valid motion, 


Motion Delay After Reset tmor-rst 50 ms . , 
assuming motion is present 
From Shutdown mode active to low 
current 
Shutdown t 500 ms 
SC This timing could be affected by 
Rest3 period 
From Shutdown mode inactive to 
valid motion. 
Notes: A RESET must be asserted 
Wake up from Shutdown t 50 ms 
ne SE E after a shutdown. Refer to section 
“5.2 Power Down Sequence”, also 
note tmor-rst. 
SDIO Output Rise Time tr-spio 6 ns |C. = 20pF 
SDIO Output Fall Time tr-spio 6 ns |C, = 20pF 
From SCLK falling edge to SDIO 
SDIO Output Delay After SCLK toLy-spio 38 ns output data valid 
C, = 20pF 
f Data held until next falling SCLK 
SDIO Output Hold Time thold- SDIO 31.25 ns 
edge 
; Amount of time data is valid after 
SDIO input Hold Time thold-spioinput | 31.25 ns SCLK rising edee 
SDIO input Setup Time tsetup- SDIO input h 31.25 ns From data valid to SCLK rising edge 
SPI Time Between Write From rising SCLK for last bit of the 
tsww 5 us |first data byte, to rising SCLK for 


EIERE: last bit of the second data byte. 


From rising SCLK for last bit of the 
tswe 5 us 1st data byte, to rising SCLK for last 
bit of the second address byte 


From rising SCLK for last bit of the 


SPI Time Between Write And 
Read Commands 


Stee, e W SE 2 us lest data byte, to falling SCLK for the 
1st bit of data being read. 
From rising SCLK for last bit of the 
SPI Read Address-Data Delay tsrap 2 us address byte, to falling SCLK for the 
1st bit of data being read. 
NCS Inactive After Motion i 500 s Minimum NCS inactive time after 
Burst SH motion burst before next SPI usage 
NCS To SCLK Active EE 120 Se From last NCS falling edge to 1st 


SCK rising edge. 
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Parameters in. WEDS Conditions 
SCLK To NCS Inactive SDIO From last SCLK rising edge to NCS 
Read tSCLK-NCS read 120 ns |rising edge, for valid SDIO data 
transfer 
SCLK To NCS Inactive SDIO From last SCLK rising edge to NCS 
Write tSCLK-NCS write 1 us rising edge, for valid SDIO data 
transfer 
F NCS risi DIO high- 
NCS To SDIO High-z ene 500 ge Sei S rising edge to SDIO hig 


Max supply current during the 
supply ramp from OV to Voo with 
Transient Supply Current IDDT 70 mA Imin 150us and max 20ms rise time. 
(Does not include charging currents 
of bypass capacitors) 


Note: All the parameters are tested under recommended operating conditions. Typical values at 25 °C & VDD=1.9V 
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3.0 Mechanical Specifications 


3.1 Mechanical Dimension 
Table 7. Package Dimensions 


Parameters Nominal Min. ME Unit 
Package Body Dimension X 9.90 9.80 10.00 mm 
Package Body Dimension Y 9.10 9.00 9.20 mm 
Package Width (inclusive pins) 12.85 12.35 13.35 mm 
Lead Length 5.15 5.05 5.25 mm 
Lead Pitch 2.00 1.85 2.15 mm 
Total Lead Count 8 - - - 

Lead Offset 1.00 - - mm 
Lead Width 0.50 0.40 0.60 | mm 
Hole Diameter 0.70 0.65 0.75 mm 
Center of Hole from edge of body X 4.55 4.45 4.65 mm 
Center of Hole from edge of body Y 3.92 3.82 4.02 mm 

12.85 


9.90 


N 
CIN 
ls 


S 


NN 


0.50 Ser 
Lead Width o 999 Lead Gë a Ss 7 
Lead Pitch ae. 12,85 209 , 
0.079 0.506 sox (At lead tip) SECTION B-B 
Pin 1 
4.12 van Notes: 
S 0.162 ue rotective 1, Dimensions in millimeter / inches, 
Kapton Tape 2, Dimensional tolerance: + 0.1mm, 
3. Coplanarity of leads: 0.4mm, 
WIES 4, Lead pitch tolerance: + 0,15mm, 
S S 5. Non-cumulative pitch tolerance: + 0.15mm. 
0.70 vg 6. Angular tolerance: + 3° . 
: 0,028 20% 7. Maximum flash: 0.2mm. 
392 Clear Optical Path 8. Brackets () indicate reference dimension, 
0.154 9. Document Number: LED_SPC_8C_PKG_008 


Figure 3. Package Drawing Outline 
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3.2 Assembly Drawings 


ER g z 2388 88 ge 
E 
9 
= Pin Si Bore 
S = ` t p= 
ki Lag 2.25 
[e] 0.054 SE 
> 6.29 $.02 
4- 0.248 eg 0.198 
= 0.442 756 
fo) 12.60 i 0.298 
pun 0.496 7 10.35 
LL. Vi e 0.407 
a 80 00 EEN Clear Zone or 
kel ) rn 0.60 
keng 0.031 
=| Optional hole for 
co alignment post if useo 
~ ER — 3x 3.00 
0.118 
Dim milime ters/inch 
W m mponent j 
Figure 4. Recommended chip orientation, mechanical cutouts & spacing (Top View) 
K ams 
E o 
38 3 | 
a Sen | 
= = — LENS REFERENCE PLACE 
Note: 
A -Distance from object surface to lens reference place 
B -Distance from object surface to Chip reference place 
Figure 5. Distance from Lens Reference Plane to Surface 
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TOP VIEW oe 


ch bell 


0.05 Gap Between Chip Package and Top of PCB 
[0.002] 


i 
CW Alignment Post 
(Optional) 


10.3440.2 LED Center ( 13.24 Top of LED Flange 
[0.40740.008 ] [0.521] 


2.40 Lens Reference Plane to Surface 
[0.09] 
7.45 Top of PCB to Surface 


[0.29] 
Kg 
Figure 6. 2D Assembly 


Note: The LED should b t 90 degree with LED flange touching the PCB. 


+ 


N 


Navigation Surface 
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S LED CH 
Cy J 
0: Chip 


Customer 
supplied PCB 


- 


Custpmer supplied 
base plate with 
recommended 
alignment features 


tas per IGES drawing 


Figure 7. 2D Mouse Assembly 
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Lens ID 
MI Borat ter "oooing O 


Cavity No. 


845 \ Ki 94.18 ot fip 
(toas) | E foes} 
oS ER 
38 e 
p! Lens Surface § EE 
2 88 32 
SSeS: ENAA Lens Surface 2 
Notes: 
1.0 Dimension in milimeters [inches] 
2.0 General dimension tolerance: +0.10mm 
unless specified otherwise 
3.0 Angular tolerance: +3.0° 
4.0 Maximum flash: 0.20mm 
5.0 Bracket | } indicates reference dimension 
6.0 Optical details removed 
7.0 Document Number: LOAC-LSG-G8_002 
Figure 8. LOA G1 Lens Outline Drawing 
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Seng 


28.0 
lans T 


sem 
loin 


Figure 9. Recommended Base Plate Design with LOAC-LSG1 Lens 


d 


3.3 Package Marking b < 
Refer to Figure 2. Pin Configuration 


Table 8. Code Identification 
Code Marking Description 


Product Number | PAW3335DB-TZDU | Part number label 
l YYWW=Date code 


Lot Code ` 1 YYWWXXxxx l 
; | ZS XXXXX= PixArt Reserved 
> 
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4.0 System Level Description 


4.1 Reference Application Schematic Diagram 


VDD_1.9V 


Vuo 


NCS 


SDIO 


GND 
MOTION 


MOTION 


c3 


CA 
l GN 100nF 


Figure 10. PAW3335DB-TZDU Reference Mouse Schematic 
> 


PixArt recommends to use HSDL-4261IR LED with the PAW3335DB-TZDU chip. Table 9 shows the recommended value of 
Riep and Vien to obtain 24mA current for LED. Recommend to use Ben with 1% tolerance. 


Table 9. Recommended Ben 


Recommended Rien (Q) 


1.9 18 


Table 10 shows the recommended value of R1 for 2MHz, 4MHz and 8MHz of serial port clock frequency. Recommend to 
use R1 with 1% tolerance. 


Table 10. Recommended R1 


Serial Port Clock Recommended R1 (0) 
Frequency (MHz) 


2 3.3k 

A 1.0k 

8 240 
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4.2 PCB Assembly Recommendation 


1; 
2: 


Version 1.11 | 10 Dec 2018 | 11032EN 


Insert the integrated chip and all other electrical components into PCB. 

Wave-solder the entire assembly in a no-wash solder process utilizing solder-fixture. A solder-fixture is required to 
protect the chip from flux spray and wave solder. 

Avoid getting any solder flux onto the chip body as there is potential for flux to seep into the chip package. The solder 
fixture should be designed to expose only the chip leads to flux spray & molten solder while shielding the chip body and 
optical apertures. The fixture should also set the chip at the correct position and height on the PCB. 

Place the lens onto the base plate. Care must be taken to avoid contamination on the optical surfaces. 

Remove the protective kapton tapes from optical apertures of the chip. Care must be taken to prevent contaminants 
from entering the apertures. Do not place the PCB with the chip facing up during the entire product assembly process. 
Hold the PCB vertically when removing kapton tape. 

Remove the protective kapton tapes from optical apertures of the chip. Care must be taken to prevent contaminants 
from entering the apertures. Do not place the PCB with the chip facing up during the entire mouse assembly process. 
Hold the PCB vertically when removing kapton tape. 

Insert PCB assembly over the lens onto the base plate aligning post to retain PCB assembly. The chip package will self- 
align to the lens via the guide posts. The optical position reference for the PCB is set by the base plate and lens. Note 
that the PCB motion due to button presses must be minimized to maintain optical alignment. 

Install mouse top case. There must be a feature in the top case to press down onto the PCB assembly to ensure all 
components are stacked or interlocked to the correct vertical height 
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5.0 Power States & Sequence 


5.1 Power-Up Sequence 


Although the sensor performs an internal power up self-reset, it is still recommend that the Power_Up_Reset register is written every 
time power is applied. The appropriate sequence is as follows: 


Apply power to VDD. 

Wait for 50ms. 

Drive NCS high, and then low to reset the SPI port. 

Write Ox5A to Power_Up_Reset register. 

Wait for at least Sms. 

Load Power-up initialization register setting. 

Read from registers 0x02, 0x03, 0x04, 0x05 and 0x06 one time regardless of the motion bit state. 


SD) Ole ier 


5.2 Power-Up Initialization Register Setting 
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Write register 0x40 w 
Write register 0x55 w 
Wait for at least 1ms 

Write register Ox7F w 
Write register 0x43 w 


Write register 0x43 w 


ith value 0x80 
ith value 0x01 


ith value OxOE 
ith value Ox1D 
Read register 0x46 and store in Var“R1” 
ith value Ox1E 
Read register 0x46 and store in Var“R2” 


Write register Ox7F w 
Write register Ox6A w 


ith value 0x14 


ith value “R1” 


Write register Ox6C with value “R2” 
Write register Ox7F with value 0x00 


Write register 0x55 w 


ith value 0x00 


Write register Ox4E with value 0x23 


Write register 0x77 w 
Write register Ox7F wi 


ith value 0x18 


th value 0x05 


Write register 0x53 with value OxOC 


Write register Ox5B w 
Write register 0x61 w 
Write register 0x62 w 
Write register 0x64 w 
Write register Ox6D w 
Write register Ox7D w 


ith value OxEA 
ith value 0x13 
ith value OxOB 
ith value OxD8 


ith value Ox86 
ith value 0x84 


Write register Ox7E with value 0x00 


Write register Ox7F w 
Write register 0x60 w 
Write register 0x61 w 


ith value 0x06 
ith value OxBO 
ith value 0x00 


Write register Ox7E with value 0x40 


Write register Ox7F wi 


th value OxOA 
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Write register Ox4A with value 0x23 
Write register Ox4C with value 0x28 
Write register 0x49 with value 0x00 
Write register Ox4F with value 0x02 
Write register Ox7F with value 0x07 
Write register 0x42 with value 0x16 
Write register Ox7F with value 0x09 
Write register Ox40 with value 0x03 
Write register Ox7F with value OxOC 
Write register 0x54 with value 0x00 
Write register 0x44 with value 0x44 
Write register 0x56 with value 0x40 
Write register 0x42 with value OxOC 
Write register 0x43 with value OxA8& 
Write register Ox4E with value Ox8B 
Write register Ox59 with value 0x63 
Write register Ox7F with value OxOD 
Write register 0x5E with value OxC3 
Write register Ox4F with value 0x02 
Write register Ox7F with value 0x14 
Write register Ox4A with value 0x67 
Write register Ox6D with value 0x82 
Write register 0x73 with value 0x83 
Write register 0x74 with value 0x00 
Write register Ox7A with value 0x16 
Write register 0x63 with value 0x14 
Write register 0x62 with value 0x14 
Write register Ox7F with value 0x10 
Write register Ox48 with value OxOF 
Write register 0x49 with value 0x88 
Write register Ox4C with value 0x1D 
Write register Ox4F with value 0x08 
Write register Ox51 with value Ox6F 
Write register 0x52 with value 0x90 
Write register Ox54 with value 0x64 
Write register Ox55 with value OXFO 
Write register Ox5C with value 0x40 
Write register Ox61 with value OxEE 
Write register 0x62 with value OxE5 
Write register Ox7F with value 0x00 
Write register Ox5B with value 0x40 
Write register 0x61 with value OxAD 
Write register Ox51 with value OxEA 
Write register 0x19 with value Ox9F 
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Read register 0x20 at 1ms interval until Ost is obtained of read up to 55ms, this register read interval must be 
carried out at 1ms interval with timing tolerance of +/- 1%. 

Write register 0x19 with value 0x10 

Write register 0x61 with value 0xD5 

Write register 0x40 with value 0x00 

Write register Ox7F with value 0x00 


During power-up there will be a period of time after the power supply is high but before any clocks are available. 
The table below shows the state of the various pins during power-up and reset. 


Table 11. State of Signal Pins after VDD is Valid 


Pin | After Reset 

NCS Functional 

SCLK Depends on NCS 

SDIO Depends on NCS 

XYLED Functional 
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5.3 Power-Down Sequence 

PAW3335DB-TZDU can be set in Shutdown mode by writing to Shutdown register 0x3B with value OxBé6. The SPI port 
should not be accessed when Shutdown mode is asserted, except the power-up command (writing Ox5A to register 0x3A). 
Other ICs on the same SPI bus can be accessed, as long as the chip’s NCS pin is not asserted. 


To de-assert Shutdown mode: 

1. Drive NCS high, and then low to reset the SPI port. 

2. Write OxSA to Power_Up Reset register. 

3. Wait for at least 5ms. 

4. Load power up initialization register setting as per Section 5.0, step 6. 

5. Read from registers 0x02, 0x03, 0x04, 0x05 and 0x06 one time regardless of the motion bit state. 


Table 12. Status during Shutdown Mode 


Pin Status during Shutdown Mode 
NCS High *! 

SCLK Ignore if NCS = 1 *? 

SDIO Ignore if NCS = 1*? 

XYLED High 


*1. NCS pin must be held to 1 (high) if SPI bus is shared with other devices. It must be held to 1 (high) during Shutdown 
unless powering up the chip. It must be held to O (low) if the chip is to be re-powered up from shutdown (writing Ox5A to 
register Ox3A). 

*2. SCLK is ignored if NCS is 1 (high). It is functional if NCS is O (low). 

*3. SDIO should be pulled up during Shutdown in order to meet the low power consumption specification in the data sheet. 
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6.0 Serial Peripheral Interface Communication 


6.1 Signal Description 
The synchronous serial port is used to write and read parameters in the chip. The port is a three wire serial port. The host 
micro-controller always initiates communication and the chip never initiates communication. SCLK, SDIO & NCS may be 


driven directly by a micro-controller. The port pins cannot be shared with other SPI slave devices. When the NCS pin is 
high, the inputs are ignored. 


The lines that comprise the SPI port: 


Pin Description 

SCLK Clock input, generated by the master (microcontroller). 

SDIO Input/output data 

NCS Chip select input (active low). NCS can also be used to reset the serial portin the event of an error 


6.2 Motion Bit Timing 


The motion bit is an output that signals the micro-controller when motion has occurred. The motion bit turns to “1” 
whenever the motion is detected; in other words, whenever there is non-zero data in the Delta_X_L, Delta_X_H, 
Delta_Y_Lor Delta_Y_H registers. Clearing the motion bit by reading MOTION registers will set the Motion bit back to “0”. 


6.3 Chip Select Operation 


The serial port is activated after NCS goes low. If NCS is raised during a transaction, the entire transaction is aborted and 
the serial port will reset. After a transaction is aborted, the normal address-to-data or transaction-to-transaction delay is 
still required before beginning the next transaction. In order to improve communication reliability, all serial transactions 
should be framed by NCS. 


In other words, the port should not remain enabled during periods of non-use because ESD and EFT/B events could be 
interpreted as serial communication and set the chip into unknown state. In addition, NCS must be raised after each 
burst-mode transaction is complete to terminate burst-mode. The port is not available for further use until burst-mode is 
terminated. 
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6.4 Write Operation 


Write operation is defined as data going from the micro-controller to the chip. It is always initiated by the micro-controller 
and consists of two bytes. The first byte contains the address (seven bits) and has a “1” as its MSB to indicate write 
sequence. The second byte contains the data. The chip reads SDIO on the rising edges of SCLK. 


SDIO DRIVEN BY MICRO-CONTROLLER 


Figure 11. Write Operation 


SCLK 


SDIO 


thold-sdlo 


t 


setup-sdio 


Figure 12. SDIO Setup & Hold Time during write operation 
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6.5 Read Operation 


A read operation is defined as data going from the chip to the microcontroller. It is always initiated by the microcontroller 
and consists of two bytes. The first byte contains the address, is sent by the microcontroller over SDIO and has a “0” as its 
MSB to indicate data direction. The second byte contains the data and is driven by the chip over SDIO. The chip outputs 
SDIO bits on falling edges of SCLK and samples SDIO bits on every rising edge of SCLK. 


one DELAY 


Figure 13. Read Operation 


SCLK 


thold-sdio 
taly-stio ——> — <> 


Figure 14. SDIO Delay & Hold Time during read operation 


Note: The high state of SCLK is also the SDIO data hold time of the chip. The falling edge of SCLK is the start of the next read or write 
command, the chip will hold the state of data on SDIO until the falling edge of SCLK. 
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6.6 Required Timing between Read and Write Commands 
Required timing between Read and Write Commands (tsx). 


There are minimum timing requirements between read and write commands on the serial port. 
tow 


ADDRESS DATA ADDRESS DATA 


Ke b J 


Y y 


WRITE OPERATION WRITE OPERATION 


Figure 15. Timing between two Write commands 


If the rising edge of the SCLK for the last data bit of the second write command occurs before the required delay (tsww), 
then the first write command may not complete correctly. 


SCLK 


Address Data Address 


Write Operation Next Read 
Operation 


Figure 16. Timing between Write & Read commands 


If the rising edge of SCLK for the last address bit of the read command occurs before the required delay (tswa), the write 
command may not complete correctly. 


tsrw & tsrr 
Loan for read 


SCLK 
Address Data Address D 
Next Read or 


Read Operation A ? 
Write Operation 


Figure 17. Timing between Read & Subsequent Write or Read commands 


If the rising edge of SCLK for the last address bit of the read command occurs before the Lous required delay, the write 
command may not be completed correctly. During a read operation SCLK should be delayed at least tsran after the last 
address data bit to ensure that the chip has sufficient time to prepare the requested data. 


The falling edge of SCLK for the first address bit of either the read or write command must be at least 2us after the last SCLK 
rising edge of the last data bit of the previous read operation. In addition, during a read operation SCLK should be delayed 
after the last address data bit to ensure that the chip has sufficient time to prepare the requested data. 
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6.7 Burst Mode Operation 


Burst mode is a special serial port operation mode which may be used to reduce the serial transaction time for predefined 
registers. The speed improvement is achieved by continuous data clocking to or from multiple registers without the need 
to specify the register address and by not requiring the normal delay period between data bytes. 


— — tsrap 


Metion_Burst Register Addres s 
IN ll An S N 


First R ead Oper stion Read Second Byte Read Third Byte 


Read First Byte 


Figure 18. Motion Burst Timing 
Motion Burst Read 


Reading the Burst_Motion_Read register activates this mode. The chip will respond with the following motion burst 
report in order. Motion burst report: 
BYTE[00] = Motion 

BYTE[01] = Chip_Observation 
BYTE[02] = Delta X L 

BYTE[03] = Delta X H 

BYTE[04] = Delta_Y_L 

BYTE[05] = Delta VH 

BYTE[06] = SQUAL 

BYTE[07] = Raw_Data_Sum 

BYTE[08] = Maximum_Raw_Data 
BYTE[09] = Minimum_Raw_Data 
BYTE[10] = Shutter_Upper 

BYTE[11] = Shutter_Lower 


After sending the register address, the microcontroller must wait for tsrap, and then begin reading data. All data bits can be 
read with no delay between bytes by driving SCLK at the normal rate. The data are latched into the output buffer after the 
last address bit is received. After the burst transmission is complete, the microcontroller must raise the NCS line for at least 
teexir to terminate burst mode. The serial port is not available for use until it is reset with NCS, even for a second burst 
transmission. 


Procedure to start motion burst as below. 
1. Pull NCS line to low. 
2. Read Motion Burst register (address 0x16). 
2. Wait for tsrap. 
4. Start reading SPI Data continuously up to 12 bytes. 
Motion burst may be terminated by pulling NCS high for at least tsexit. 
5. To read new motion burst data, start again from step 1. 


Burst mode must be terminated by the micro-controller by raising the NCS line for at least tsex. The serial port is not 
available for use until it is reset with NCS signal, even for a second Burst transmission. 


Note: Motion burst data can be read from Motion_Burst register even in rest modes. 
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7.0 Raw Data Grab 


Raw data grab is the way to download a full array of raw data values from a single frame. Once raw data grab is enabled, 
the next complete frame image will be stored to memory. In order to stream out the Raw Data values, register read 
operation is used. 


PixArt Imaging Inc. 


Procedure to start frame capture burst mode is listed as below: 


Write register Ox7F with value 0x00 

Write register 0x40 with value 0x80 

Write register Ox7F with value 0x13 

Write register 0x47 with value 0x30 

ite register Ox7F with value 0x00 
Write register 0x55 with value 0x04 
Continuously read register 0x02 until getting both Op Mode: and OP_Modeo equal to 0. 
Write register 0x58 with value OxFF 
Continuously read register 0x59 until getting PG_FIRST as “1” 

. Continuously read register 0x59 until getting PG_VALID as “1”. 

. Read register 0x58 for 7 bit ADC data (RAWDATA 6-0). Repeat (10) and (11) for 900 times to form a complete 
picture element array information. 

. Write register 0x55 with value 0x00 

. Write register 0x40 with value 0x00 

Write register Ox7F with value 0x13 

. Write register 0x47 with value 0x20 

. Write register Ox7F with value 0x00 


WON DANAWNE 
= 


GA 3 
e O 


PPP PB 
Du BR Di 


Top X-ray View of Mous 
Last Raw Data p X yVie S 
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First Raw Data 


Figure 19. Raw Data Address Map for 30x30 (Chip looking on the navigation surface through the lens) 


Note: The X/Y reporting direction shown above follows all the power up initialization sequence in the Power Up section. 
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8.0 Power Management for Wireless Mode 


PAW3335DB-TZDU has three power-saving modes. Each mode has a different motion detection period with its respective 
response time to mouse motion. Response time is the time taken for the chip to ‘wake up’ from rest mode when motion 
is detected. When left idle, the chip automatically changes or downshift from Run mode to Rest1, then to Rest2 and 
finally to Rest3 which consumes the least amount of current. 


The current consumption is lowest at Rest3 and highest at Rest1. However the time required for chip to respond to 
motion from Rest1 is the shortest and longest from Rest3. Downshift time is the elapsed time (under no motion 
condition) from an existing mode to the next mode. For example, it takes 20s for the chip which is in Rest1 mode to 
change (downshift) to Rest2. The response time and downshift time for each mode is shown in the following table. 


However user can change the timing setting for each mode via register Ox77 through Ox7C. 


Table 13. Rest Modes Response & Downshift Time 


Mode Response Time Downshift Time 
Rest1 ims 512ms 
Rest2 32ms 20s 
Rest3 500ms 600s 


Note: These timings are based on Power-Up Initialization Register Setting in section 5.0 and subjected to change if any of the register 
0x77 to Ox7C value is updated 
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9.0 Universal Lift Cut Off Setting 


The Universal Lift Cut Off setting applies to all PixArt Standard Gaming Surfaces. The lift-cut off can be set to 1mm and 2mm 
when mated with the LOAC lens, per the register settings in the table below. 


Please note that upon sensor start-up per the recommended Power-Up Sequence, the lift cut off is set to 1mm as default. 
Table 14. Lift Cut Off Setting for LOAC-LSG1 
Lens Lift Cut Off Setting Register Setting 


- Write register Ox7F with value OxOC 
- Write register 0x40 with value OxAO 
- Write register 0x41 with value 0x70 
- Write register 0x42 with value Ox0C 
- Write register 0x43 with value OxA8 
- Write register 0x44 with value 0x44 
- Write register 0x45 with value 0x04 
- Write register Ox4A with value 0x19 
- Write register Ox4B with value 0x18 
- Write register Ox4C with value 0x60 
- Write register Ox4E with value 0x8B 
- Write register 0x54 with value 0x00 
- Write register 0x56 with value 0x40 
- Write register 0x59 with value 0x63 
- Write register Ox6D with value Ox7F 
- Write register Ox7F with value 0x00 
- Write register Ox7F with value OxOC 
- Write register 0x40 with value 0x14 
- Write register 0x41 with value 0x14 
- Write register 0x42 with value 0x20 
- Write register 0x43 with value 0x18 
- Write register 0x44 with value 0xC7 
- Write register 0x45 with value 0x05 
- Write register Ox4A with value 0x0A 
- Write register Ox4B with value 0x08 
- Write register Ox4C with value 0x45 
- Write register Ox4E with value OxOF 
- Write register 0x54 with value 0x00 
- Write register 0x56 with value 0x2A 
- Write register 0x59 with value 0x93 
- Write register Ox6D with value Ox5F 
- Write register Ox7F with value 0x00 


1mm setting 
(Default in Power Up 
Sequence) 


LOAC-LSG1 


2mm setting 
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10.0 Registers 


10.1 Registers List 


The chip registers are accessible via the serial port. The registers are used to read motion data and status as well as to set 
the device configuration. 


Table 15. Register List 


Address Register Name | Access Reset Value 
0x00 Product_ID R Ox4E 
0x02 Motion RW 0x20 
0x03 Delta XL R 0x00 
0x04 Delta X H H 0x00 
0x05 Delta_Y_L R 0x00 
0x06 Delta v H H 0x00 
0x07 SQUAL R 0x00 
0x08 Raw_Data_Sum R 0x00 
0x09 Maximum_ Raw_Data R 0x00 
Ox0A Minimum_ Raw_Data R Ox7F 
Ox0B Shutter_Lower R 0x00 
OxOC Shutter_Upper R 0x01 
0x15 Chip_Observation RW 0x40 
0x16 Burst_Motion_Read R 0x00 
Ox3A Power_Up_ Reset W 0x00 
0x3B Shutdown W 0x00 
0x40 Performance RW 0x00 
0x4E Resolution RW 0x12 
0x56 Angle_Snap RW 0x04 
0x58 Raw_Data _Grab RW 0x00 
0x59 Raw_Data Grab Status R 0x00 
Ox5A Ripple. Control RW 0x10 
0x5B Axis_Control RW 0x60 
Ox5F Inv_Product_ID R OxB1 
Ox77 Run..DownSshift RW OxOC 
0x78 Rest1_Period RW 0x01 
0x79 Rest1_Downshift RW Ox4F 
Ox7A Rest2_ Period RW 0x08 
0x7B Rest2_Downshift RW Ox4A 
Ox7C Rest3_ Period RW Ox3F 
Ox7D Run_Downshift_Mult RW 0x07 
Ox7E Rest_Downshift_Mult RW Ox77 
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10.2 Register Descriptions 


Product_ID 


Register Name 


Address 0x00 
Access Read Reset Value 0x4E 
Bit 7 6 5 4 3 2 1 0 
Field PID7-0 
Description This register contains a unique identification assigned to the PAW3335DB-TZDU. The value in this 


register does not change; it can be used to verify that the serial communications link is functional. 


Register Name Motion 


Address 


0x02 


Access 


Read/Write Reset Value 0x20 


Bit 
Field 


7 6 5 4 3 2 1 0 


MOT Reserved 1 Reserved Reserved | Reserved Op Mode: Op Mode 


Description 
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This register allows the user to determine if motion has occurred since the last time it was read. 


The procedure to read the motion registers (Delta XL Delta_X_H, Delta_Y_L and Delta_Y_H) is as 
follows: 


1. Read the Motion register. This will freeze the Delta_X_L, Delta_X_H, Delta_Y_L and Delta_Y_H 
register values. 


2. If the MOT bit is set, Delta_X_L, Delta_X_H, Delta_Y_L and Delta_Y_H registers should be read in 
the given sequence to get the accumulated motion. Note: if Delta_X_L, Delta_X_H, Delta_Y_L and 
Delta_Y_H registers are not read before the motion register is read for the second time, the data in 
Delta_X_L, Delta_X_H, Delta_Y Land Delta_Y_H will be lost. 


3. To read a new set of motion data (Delta_X_L, Delta_X_H, Delta_Y_L and Delta_Y_H), repeat from 
Step 1. 


Field Name | Description 


MOT Motion since last report 

0 = No motion 

1 = Motion occurred, data ready for reading in 
Delta_X_L, Delta_X_H, Delta_Y_L and 
Delta_Y_H registers 

OP_Modei.o 00 — Run Mode 

01 - Rest 1 

10 - Rest 2 

11 - Rest 3 

Write any value to this register will clear all motion data. 
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Register Name DELTA_X_L 


Address 0x03 
Access Read Reset Value 0x00 
Bit 7 6 5 4 3 2 1 0 
Field X Xe X5 X4 X3 X2 Ai Xo 
16 bits 2’s complement number. Lower 8 bits of Delta_X. 
X movement is counts since last report. Absolute value is determined by resolution. 
Description Motion -32768 -32767 -2 -1 0 +1 +2 +32766 +32767 
Delta_X 8000 8001 FFFE FFFF 00 01 02 7FFE 7FFF 
Register Name DELTA_X_H 
Address 0x04 
Access Read Reset Value 0x00 
Bit 7 6 5 4 3 2 1 0 
Field Ais X14 X13 X12 X111 X10 X9 Lë 
16 bits 2’s complement number. Upper 8 bits of Delta_X. 
Description Delta_X_H must be read after Delta_X_L to have the full motion data. 


Note: It is recommended that register 0x02, 0x03, 0x04, OxO5 and 0x06 to be read sequentially. 
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Register Name DELTA_Y_L 


Address 0x05 
Access Read Reset Value 0x00 
Bit 7 6 5 4 3 2 1 0 
Field Yz Ye Ys Y4 Y3 Y2 Yı Yo 
16 bits 2’s complement number. Lower 8 bits of Delta_Y. 
Y movement is counts since last report. Absolute value is determined by resolution. 
Description Motion -32768 -32767 -2 -1 0 + +2 +32766 +32767 
Delta _Y 8000 8001 FFFE FFFF 00 01 02 7FFE ` "rt 
Register Name DELTA_Y_H 
Address 0x06 
Access Read Reset Value 0x00 
Bit 7 6 5 4 3 2 1 0 
Field Yis Y14 Viz Viz Vun Vun Yo Ys 
16 bits 2’s complement number. Upper 8 bits of Delta_Y. 
Description Delta_Y_H must be read after Delta _Y-L to have the full motion data. 
Note: It is recommended that register 0x02, 0x03, 0x04, OxO5 and 0x06 to be read sequentially. 
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Register Name SQUAL 


Address 0x07 
Access Read Reset Value 0x00 
Bit 
Field SQ; SQs SQs SQ4 SQ3 SQ2 SQ1 SQo 


The SQUAL (Surface quality) register is a measure of the number of valid features visible by the 
chip in the current frame. Use the following formula to find the total number of valid features. 


Number of Features = SQUAL Register Value * 4 


Description . . ; . i ; 
P The maximum SQUAL register value is OxB6. Since small changes in the current frame can result in 


changes in SQUAL, variations in SQUAL when looking at a surface is expected. 


SQUAL values are only valid when chip is in run mode. Disable Rest mode before measuring 
SQUAL. 
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Address 0x08 
Access Read Reset Value 0x00 
Bit 7 6 5 4 3 2 1 0 
Field AP; APs APs AP, AP3 AP» AP, APo 
This register is used to find the chip average raw data value. It reports the upper byte of a 17-bit 
counter which sums all 900 raw data in the current frame. To find the average raw data value 
follows the formula below: 
Description Average pixel value = PIX. ACCUM*512/900 


The maximum register value is OxDF(hex) or 223(dec) and the minimum register value is 0. The raw 
data sum value can change every frame. Disable rest mode before reading Raw Data sum value. 


Register Name MAXIMUM_RAW_DATA 


Address 0x09 
Access Read Reset Value 0x00 
Bit 7 6 5 4 3 2 1 0 
Field MP7 MPs MPs MP, MP3 MP2 MP, MPo 
Maximum Raw Data value in current frame. Minimum value = 0, maximum value = 127. The 
Description maximum raw data value can change every frame. 


Register Name MINIMUM_RAW_DATA 


Address Ox0A 
Access Read Reset Value Ox7F 
Bit 7 6 5 4 3 2 1 0 
Field MinP7 MinPs MinPs MinP4 MinP3 MinP MinP, MinPo 
Minimum Raw data value in current frame. Minimum value = 0, maximum value = 127. The minimum 
Description raw data value can change every frame. 
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Register Name SHUTTER_LOWER 


Address Ox0B 
Access Read Reset Value 0x00 
Bit 7 6 5 4 3 2 1 0 
Field S7 S6 S5 S4 S3 S2 ER So 
SC Lower byte of the 12-bit Shutter register. 
Description 


Register Name SHUTTER_UPPER 


Address OxOC 
Access Read Reset Value 0x01 
Bit 7 6 5 4 3 2 1 0 
Field Reserved | Reserved | Reserved | Reserved Siu S10 So Ss 


Upper 4-bit of the 12-bit Shutter register. Units are clock cycles of the internal oscillator. Read 
Shutter_Upper first, then Shutter_Lower. - They should be read consecutively. The shutter is 
adjusted to keep the average raw data values within normal operating ranges. The shutter value is 


checked and automatically adjusted to a new value if needed on every frame when operating in 
default mode. 


Description 


Version 1.11 | 10 Dec 2018 | 11032EN SEE. FEEL. TOUCH. 


PixArt Imaging Inc. http://www.pixart.com 38 
All rights reserved. Any portion in this paper shall not be reproduced, copied, or transformed to any other forms without permission. 


PAW3335DB-TZDU Product Datasheet 


PixArt Imaging Inc. Optical Gaming Navigation Chip 


T 
Register Name CHIP_OBSERVATION 


Address 0x15 
Access Read/Write Reset Value 0x40 
Bit 7 6 5 4 3 2 1 0 
Field CO7 COs COs CO, CO3 CO2 CO, Co 


The user must clear the register by writing 0x00, wait for a minimum Taly obs ms & read the register. 
The value of CO7.9 should be 0x77 or Ox7F_ if the chip is working correctly. The register may be used 
as part of recovery scheme to detect a problem caused by EFT/B or ESD event. 


Description 
H Taly_obs iS defined as the longest frame period + 10% variation. The longest frame period is when chip 


is in Rest3 mode. Clock frequency tolerance value need to be taken into account. For example if the 
default Rest3 period of 500ms is used, then Toy obs = 500ms + 50ms 


Register Name BURST_MOTION_READ 


Address 0x16 
Access Read Reset Value 0x00 
Bit 7 6 5 4 3 2 1 0 
Field MB, MBe MBs MB, MB; MB> MB, MBo 


The Burst_Motion_Read register is used for high-speed access to the Motion, Observation, Delta_X_L, 
Delta XH Delta_Y_L, Delta_Y.H, SQUAL, Raw Data Sum, Maximum_Raw_Data, Minimum_Raw_ 
Description Data, Shutter_Upper and Shutter_Lower registers. See Burst Mode-Motion Read section 6.7 for use 
details. 
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Register Name 


POWER_UP_RESET 


Address Ox3A 
Access Write Reset Value NA 
Bit 7 6 5 4 3 2 1 0 
Field PRST7 PRST« PRSTs PRST4 PRST3 PRST2 PRST1 PRSTo 
Write Ox5A to this register to reset the chip and all settings will revert to default values. Reset is 
Description required after recovering from Shutdown mode. 


Address Ox3B 
Access Write Reset Value NA 
Bit 7 6 5 4 3 2 1 0 
Field SD7 SDe SDs SD4 SD3 SD2 SD, SDo 
Write OxB6 to set the chip to Shutdown mode. Refer to the Shutdown section for more details on 
Description recovery procedure. 
Address 0x40 
Access Read/Write Reset Value 0x00 
Bit 7 6 5 4 3 2 1 0 
Field AWAKE Reserved | Reserved | Reserved Reserved | Reserved | Reserved | Reserved 
This register configures the operating mode of the chip. 
Description Field Name Description 
AWAKE 0: Enable Rest Mode 
1: Disable Rest Mode 
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Register Name RESOLUTION 


Address Ox4E 
Access Read/Write Reset Value 0x12 
Bit 7 6 5 4 3 2 1 0 
Field RES7 RES¢ RESs RES4 RES3 RES2 RES; RESo 
This register set the resolution XY of the chip. The resolution value for each register setting are 
shown below. 
Note: Recommend to set bit-7 in RIPPLE_CONTROL register to enable the ripple control when select 
resolution of 5000cpi and above. 
RES7:0 Set the chip resolution with 100cpi step of approximately, starting from minimum 
of 100cpi. (Preliminary) 
Hex Target Hex Target Hex Target 
0 100 IFE 2700 3F 5300 
2 200 20 2800 40 5400 
3 300 21 2900 41 5500 
4 400 23 3000 42 5600 
5 500 25. 3100 44 5700 
6 600 26 3200 45 5800 
7 700 27 3300 46 5900 
o. g 800 28 3400 47 6000 
Pescnpuon A 900 29 3500 A8 6100 
B 1000 2A 3600 AA 6200 
C 1100 2C 3700 4B 6300 
D 1200 2D 3800 AC 6400 
E 1300 2E 3900 4D 6500 
10 1400 2F 4000 4E 6600 
11 1500 30 4100 50 6700 
12 1600 32 4200 51 6800 
13 1700 33 4300 52 6900 
14 1800 34 4400 53 7000 
16 1900 35 4500 54 7100 
17 2000 36 4600 56 7200 
18 2100 38 4700 57 7300 
19 2200 39 4800 58 7400 
LA 2300 3A 4900 59 7500 
1B 2400 3B 5000 DA 7600 
1D 2500 3C 5100 5C 7700 
1E 2600 3E 5200 5D 7800 
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Hex Target Hex Target Hex Target 
5E 7900 82 10900 A6 13900 
5F 8000 83 11000 A7 14000 
60 8100 84 11100 A8 14100 
62 8200 Sp 11200 AA 14200 
63 8300 87 11300 AB 14300 
64 8400 88 11400 AC 14400 
65 8500 89 11500 AD 14500 
66 8600 8A 11600 AE 14600 
68 8700 8C 11700 BO 14700 
69 8800 8D = 11800 B1 14800 
6A 8900 8E 11900 B2 14900 
6B 9000 8F 12000 B3 15000 
6C 9100 90 12100 B4 15100 
6E 9200 92 12200 B5 15200 
6F 9300 93. 12300 B6 15300 
70 9400 94 12400 B7 15400 
71 9500 95 12500 B8 15500 
72 9600 96 12600 B9 15600 
74 9700 98 12700 BA 15700 
75 9800 99 12800 BB 15800 
76 9900 9A 12900 BC 15900 
77 10000 9B 13000 BD 16000 
78 10100 9C 13100 
7A 10200 9E 13200 
7B 10300 9F 13300 
7C 10400 AO 13400 
7D 10500 A1 13500 
ZE 10600 A2 13600 
80 10700 A4 13700 
81 10800 A5 13800 
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Register Name ANGLE_SNAP 


Address Ox56 
Access Read/Write Reset Value 0x04 
Bit 7 6 5 4 3 2 1 0 
Field EN 0 0 0 0 1 0 0 


Write to this register to enable angle snap feature. 


Field Name Description 


EN 0: Angle snap disable 
1: Angle snap enable 


Description 


Register Name RAW_DATA_GRAB 


Address 0x58 
Access Read/Write Reset Value 0x00 

Bit 7 6 5 4 3 2 1 0 
Field Reserved | RAWDATAs | RAWDATAs | RAWDATAg, | RAWDATAS | RAWDATA: | RAWDATA1 | RAWDATAo 


This register contains the raw data levels when the Raw Data Grab process is enabled. For details of 


Description the Raw Data Grab process please refer to section 7.0. 
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Register Name RAW_DATA_GRAB_STATUS 


Address 0x59 

Access Read Reset Value 0x00 

Bit 7 6 5 4 3 2 1 0 
Field PG_VALID | PG_FIRST | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved 


This register provides additional information for user to monitor the chip navigation status. 


Field Name Description 


PG_VALID 1 = Raw Data Grab valid 
PG_FIRST 1 = Raw Data Grab first 


Description 


Register Name RIPPLE_CONTROL 


Address 0x5A 

Access Read/Write Reset Value 0x10 

Bit 7 6 5 4 3 2 1 0 
Field EN Reserved | Reserved 1 Reserved | Reserved | Reserved | Reserved 


Set bit-7 to enable ripple control. 


Field Name Description 


EN 0: Ripple Control Disable. 
1: Ripple Control Enable. 


Description 
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Register Name AXIS_CONTROL 


Address 0x5B 
Access Read/Write Reset Value 0x60 
Bit 7 6 5 4 3 2 1 0 
Field Swap_XY INV_Y INV_X Reserved | Reserved | Reserved | Reserved | Reserved 
The register set the axis direction of the chip reporting. 
Description Swap_XY 1: Swap XY directions 

INV_Y 1: Invert Y direction 
INV_X 1: Invert X direction 


Register Name INV_PROD_ID 


Address Ox5F 
Access Read Reset Value OxB1 
Bit 7 6 5 4 3 2 1 0 
Field IPID7-0 
Description This register value is the inverse of the Product_ID register value. It is used to test the SPI port 


hardware. 


Register Name 


RUN_DOWNSHIFT 


Address Ox77 
Access Read/Write Reset Value Ox0C 
Bit 7 6 5 4 3 2 1 0 
Field RD7 RD6 RDs RDa RD3 RD2 RD, RDo 
This register set the Run to Rest1 downshift time. Use the formula below for calculation. 
Run Downshift time (ms) = RD[7:0] x RUN_DOWNSHIFT_MULT (default 256) x VERT (default 1ms) 
Example for 12k FPS = 24 x 256 x 83.33us = 512ms (default) 
Description 


Max Downshift time is 189 x 256 x 83.33us = 4s 
Min value is 0x01. A value of 0x00 will be internally clipped to 0x01. 


All the above values are expected to have +/- 10% tolerance. 
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Register Name REST1_PERIOD 


Address 0x78 
Access Read/Write Reset Value 0x01 
Bit 7 6 5 4 3 2 1 0 
Field R1R7 HIR: R1Rs HIR, R1R3 HIR: R1Ri R1Ro 


This register set the Rest1 period 


Rest1 period = R1P[7:0] x 1ms 

Default Rest1 period = 1 x 1ms = 1ms 
Description 
Min value is 0x01. A value of 0x00 is invalid. 


All the above values are expected to have +/- 10% tolerance. 


Register Name REST1_DOWNSHIFT 


Address 0x79 
Access Read/Write Reset Value 0x4F 
Bit 7 6 5 4 3 2 1 0 
Field R1D, R1D¢ R1Ds R1D, HILD, R1D, R1D, R1Do 


This register set the Rest1 to Rest2 downshift time. Use the formula below for calculation. 


Rest1 Downshift time (ms) = R1D[7:0] x REST1_DOWNSHIFT_MULT (default 256) x REST1 period 
(default 1ms) 


Description | Default ëss, Ims = 20224ms = 20s 
Min value is 0x01. A value of 0x00 will be internally clipped to 0x01. 


All the above values are expected to have +/- 10% tolerance. 
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Register Name REST2_PERIOD 


Address Ox7A 
Access Read/Write Reset Value 0x08 
Bit 7 6 5 4 3 2 1 0 
Field R2P7 R2P¢ R2Ps R2P4 R2P3 R2P2 R2P, R2Po 


This register set the Rest2 period 


Rest2 period = R2P[7:0] x slow clock (1ms) x4 


Kertz Default Rest2 period = 8 x lms x4= 32ms 
Description 


Min value is 0x01. A value of 0x00 is invalid. 


All the above values are expected to have +/- 10% tolerance. 


Register Name REST2_DOWNSHIFT 


Address Ox7B 
Access Read/Write Reset Value Ox4A 
Bit 7 6 5 4 3 2 1 0 
Field R2D7 R2D6 R2Ds R2D,4 R2D3 R2D2 R2D, R2Do 


This register set the Rest2 to Rest3 downshift time. Use the formula below for calculation. 

Rest? Downshift time (ms) = R2D[7:0] x REST2_DOWNSHIFT_MULT (default 256) x rest2_period 
(default 32ms) 

Description Default = 74 x 256 x 32ms = 606.208s = 10 min 


Min value is 0x01. A value of 0x00 will be internally clipped to 0x01. 


All the above values are expected to have +/- 10% tolerance. 
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Register Name REST3_PERIOD 


Address 0x7C 
Access Read/Write Reset Value Ox3F 
Bit 7 6 5 4 3 2 1 0 
Field R3P7 R3P¢ R3Ps5 R3P4 R3P3 R3P2 R3P, R3Po 


This register set the Rest3 period 


Rest3 period = R3P[7:0] x slow clock (1ms) x8 


SE Default Rest3 period = 63 x 1ms x8 = 504ms 
Description 


Min value is 0x01. A value of 0x00 is invalid. 


All the above values are expected to have +/- 10% tolerance. 


Register Name RUN_DOWNSHIFT_MULT 


Address 0x7D 
Access Read/Write Reset Value 0x07 
Bit 7 6 5 4 3 2 1 0 
Field Reserved | Reserved | Reserved | Reserved RUN_Ms3 RUN Ma | RUN Ma | RUN Me 


This register set the Run Downshift Multiplier. (Refer to the formula in Register RUN_DOWNSHIFT) 


Field Name seu 


RUN_Mo:3 RUN_DOWNSHIFT_MULT 
Bé 2 
Ox1 4 
Ox2 8 
Description 0x3 16 
0x4 32 
0x5 64 
0x6 128 
0x7 256 (default) 
0x8 512 
0x9 1024 
OxA 2048 
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Register Name REST_DOWNSHIFT_MULT 


Address Ox7E 
Access Read/Write Reset Value 0x77 
Bit 7 6 5 4 3 2 1 0 
Field Reserved | REST Me | REST_Ms | REST Ma | Reserved | REST Ma | REST Ma | REST Mo 
This register set the REST Downshift Multiplier. (Refer to the formula in Register REST1_ DOWNSHIFT 
and REST2_ DOWNSHIFT) 
REST_Mo:2 Hex REST2_DOWNSHIFT_MULT 

0x0 2 
0x1 4 
0x2 8 
0x3 16 
0x4 32 

Description Ki ia 
Ox6 128 
0x7 256 (default) 

REST_M4:6 Hex REST1_DOWNSHIFT_MULT 

0x0 2 
0x1 4 
0x2 8 
0x3 16 
0x4 32 
0x5 64 
0x6 128 
0x7 256 (default) 
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10.3 Bit Masks for Register Write 


Special precaution needs to be taken for some of the registers have “Reserved” bit. In order to overwrite specific bits in the 
register, one need to read and store its current value first, then apply bit masking and write back the new value into the 
register. This is accomplished by using bitwise operators such as AND(&), OR(|), or INVERSE(~). 


Example: 

To disable the Rest Mode in Register 0x40 (set bit-7 to 1) 
Read register Ox40 and store in VarA 
VarA |= 0x80 


Write register Ox40 with value VarA 


To enable the Rest Mode in Register 0x40 (set bit-7 to 0) 
Read register Ox40 and store in VarA 
VarA &= ~ 0x80 


Write register Ox40 with value VarA 
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11.0 Document Revision History 


Revision Number Date Description 

1.0 26 Oct 2018 Official release version 

1.1 27 Nov 2018 | - Update lens part number from “LOAC-LSG” to “LOAC-LSG1” 
pg20-22 — update power up initialization setting 

1.11 10 Dec 2018 | Pg20-22 — update power up initialization setting 
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